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Abstract. The Sacoglossa (Mollusca, Opisthobranchia) comprise almost 400 nominal species level taxa. Of these 284 
are considered valid (i.e., no published synonymies) in this study. About half of the nominal species have been descri¬ 
bed before 1950, and the 10 most productive taxonomists have described about half of the species. Distributions of all 
valid species are reviewed. The highest diversity is found in the islands of the Central Pacific, though species diversity 
is almost as high in the Indo-Malayan sub-province. The Caribbean forms another center of species diversity. These three 
areas are distinguished by the high number of Plakobranchoidca. Similarity among provinces is generally low. Endemi- 
city is high in most provinces, but this may be an artifact of collecting activity. The decrease in number of species with 
latitude is spectacular, and the number of cold-water endemics is very low, indicating that sacoglossans in cold tempe¬ 
rate regions are mostly eurythermic warm water/ tropical species. The highest number of species in cold temperate are¬ 
as is found in Japan and Southeastern Australia. This coincides with high species diversity of the algal genus Caulerpa , 
which constitutes the diet of all shelled and many non-shelled sacoglossans. 

Keywords. Species diversity, endemism. 


1. INTRODUCTION 

Information on biogeography is important for understand¬ 
ing speciation and phylogeny as well as for making deci¬ 
sions about conservation. Ideally, combining a phyloge¬ 
netic tree with a distributional map should give informa¬ 
tion on whether species dispersed from a center of origin 
or were the result of vicariance events. For most marine 
invertebrate groups, however, phylogenies are not fully re¬ 
solved and/or taxonomy is not yet stable, and even infor¬ 
mation on distributions is incomplete. Species are still be¬ 
ing split or synonymized, and new and undescribcd species 
are discovered. In a worst case scenario a distribution map 
would show the activities of taxonomists rather than ac¬ 
tual species distributions. In the present study existing dis¬ 
tributional data for the Sacoglossa (Mollusca: Opistho¬ 
branchia) is reviewed and analyzed with regard to differ¬ 
ent biogeographic theories as well as activities of taxon¬ 
omists over time. Phylogenetic analysis has been per¬ 
formed at the genus level (Jensen 1996a), and for one 
genus, ThuridUla , at species level (Gosliner 1995). The 
relationship of the Sacoglossa to other opisthobranchs has 
been discussed in several recent publications (Jensen 
1996b; Mikkelsen 1996, 1998; Teiolleson 1999; 
WAgele et al. 2003). 

Sacoglossans are suctorial herbivores; only two or three 
species are oophagous, feeding on the eggs of other 
opisthobranchs (Jensen 1993a, 1997a). This means that 


they have depth distributions restricted to the photic zone, 
i.e. generally <100m. Sacoglossans are also dietary spe¬ 
cialists, the majority of species feeding on siphonaceous 
green algae, especially Caulerpa spp. (Jensen 1997a). 
I lence they only occur in the habitats where these algae 
are found. The total number of valid species is around 300, 
but new species are still described and other species are 
synonymized. 


2. MATERIALS AND METHODS 

Distributional data for all species of Sacoglossa were tak¬ 
en from the literature. The study has included most pub¬ 
lications of original descriptions to get the type localities. 
However, in the case of the oldest descriptions, the pub¬ 
lications by Schmekel & Portmann (1982) and Bouchet 
(1984) have been used. Also, national and regional fau¬ 
nal checklists have been included, as well as records pub¬ 
lished on the Sea Slug Forum (http://www.- 
seaslugforum.net/). All nominal species listed in Appen¬ 
dix 1 have been included in the first analysis for bias of 
taxonomic expertise and scientific activity. In the distri¬ 
butional analyses, however, only species considered valid 
in this study have been included. As the present study is 
not a taxonomic analysis, species identifications and syn- 
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onymizations, with a few controversial exceptions, will 
not be discussed. Only synonymies that have been pub¬ 
lished and not subsequently contested are used. Thus 
species that have only been mentioned once in the liter¬ 
ature arc, with few exceptions mentioned in the text, con¬ 
sidered valid. 


of inclusion^ 100(a/Nmin) (Golikov 1989). These indices 
differ in the weight placed on shared species (a) compared 
to total number of species in the compared regions (Nl. 
N2), and species found exclusively in one or the other of 
the compared regions (b, c). 


Biogeographic regions and provinces were taken from 
Briggs (1995) (Fig. 1), and sacoglossan distributions 
among these provinces were recorded. Although it must 
be assumed that a species occurs continuously between 
the extreme points of distribution, species were only 
scored as occurring in a region or province if at least one 
published record existed. The number of endemic species 
was determined for each province. As sonic regions were 
clearly underrepresented with regards to faunistic studies 
on opisthobranchs, a few regions have been merged or 
deleted from the analyses. Similarity between biogeo¬ 
graphic regions or provinces was analyzed using three in¬ 
dices: CJ= Jaccard’s coefficient 100(a/(Nl+N2-a)) 
(Valentine 1966), SD^ Dice coefficient 
100(2a/(2a+b+c)) (Leal & Bouciiet 1991), and l=index 


3. RESULTS 
3.1. Fossil history 

After the description of live specimens of bivalved 
sacoglossan gastropods (Kawaguti & Baba 1959), sev¬ 
eral papers on fossil species of these sacoglossans ap¬ 
peared. The first reviews of fossil sacoglossans were those 
of Boettger (1963) and Kay (1968). There have been ex¬ 
tensive discussions about the identity of the Recent 
Tamanovalvcu Edenttellina and Midorigcii and the Mid¬ 
dle Eocene genus Bertheliuia (e.g. Edmunds 1963: Burn 
1998). Keen & Smith (1961) listed several other fossil 
species and included all in the family Juliidae Dali, 1898, 
which had previously been located in the Bivalvia. More 



Fig. 1 . Map showing biogcographic regions used in the present study. Regions have been modified from Briggs (1995). 1 . Nort¬ 
heast Atlantic. 2 . Lusitanian. 3 . Mediterranean (including the Black Sea). 4 . Northwest Atlantic. 5 . Caribbean. 6 . Southwestern At¬ 
lantic tropical and warm temperate. 7 . Aleutian. 8 . Oregonian. 9 . Californian. 10 . Mexican-Panamanian. 11 . Southeastern Pacific 
warm temperate. 12 . Cold temperate South America. 13 . Northwest Pacific cold temperate. 14 . Northwest Pacific warm tempera¬ 
te. 15 . Northern and northwestern Australia. 16 . Southwestern and southern Australia. 17 . Southeastern Australia. 18 . Northeastern 
Australia. 19 . Great Barrier Reef 20 . New Zealand. 21 . Southeast Atlantic. 22 . Western Indian Ocean. 23 . Indo-Polynesian regi¬ 
on (including Ryukyu Islands). 24 . Hawaii. 
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recently several more fossil bivalved sacoglossans have 
been described (see Le Renard et al. 1996 for review), 
and also a single species of Volvatella has been described 
from the Lower Miocene of France (Valdes & Lozouet 
2000). Thus there may be two or five Recent genera of 
bivalved sacoglossans, whereas there are 9 fossil genera 
extending from the Lower Eocene to Lower Pliocene. 
Most fossil species have been found in European locali¬ 
ties, but a few are from the Caribbean, and one each from 
Australia and Indonesia. However, no doubt more fossil 
species will be described in the future. 

The temporal and spatial distribution of fossil sacoglos¬ 
sans indicates that they arose as part of the Tethys Sea fau¬ 
na. As sea level receded and temperatures cooled down, 
their distribution became more restricted, and today there 
is only one species of Berthelinia in the Caribbean and 
one in the Panamanian region; the remaining species are 
Indo-West Pacific. Julia has one species in the East Pa¬ 
cific; the remaining species are Indo-West Pacific. For Vol¬ 
vatella there is only one species in the Caribbean, one in 
warm temperate South Africa, and the remaining species 
are Indo-West Pacific. The disappearance of a major part 
of the coral reefs at the end of the Cretaceous (Briggs 
1995) may have created ideal conditions for speciation of 
siphonaceous green algae when sea level rose again in ear¬ 
ly Eocene. 


3.2. Recent species 

Slightly more than half (199 of 387) of the nominal species 
have been described before 1950. There is a distinct peak 
around the 1860s and 1870s when Pease and Bergh were 
most active describing species from the Indo-West Pacif¬ 
ic and Costa and Trinchcse worked in the Mediterranean 
(Fig. 2). After 1950, it is especially the MARCUSes (39 
species) and K. Baba (30 species) who dominate the num¬ 
ber of new species (Table 1). The 10 most productive au¬ 
thors or groups of authors have described almost 50 % of 
the species. 

Of the 387 nominal species 284 (73%) have been includ¬ 
ed in the similarity analyses. The number of species 
recorded from regions and provinces shown in Fig. 1 is 
listed in Table 2. Some regions are distinctly underrepre¬ 
sented in regards to number of records. This is true for 
most of the southern cold temperate zone, but also for trop¬ 
ical East Atlantic and southern East Pacific. Most of the 
biogeographic regions and provinces are supported by the 
present study as indicated by the percentage of endemic 
species. The regions and provinces with less than 10% en¬ 
demism will be discussed below. 

The Northeast Atlantic and Mediterranean were the ear¬ 
liest studied areas. The number of species described dur- 
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Fig. 2. Frequency of species descriptions through time. 
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Table 1 . Number of species described by different authors (cal¬ 
led “groiip(s)”, when with one or several co-authors) through ti¬ 
me. All nominal taxa have been included. 


Author # species described 

Marcus (& Marcus), 1955-1982 39 

Baba (ct a!.), 1935 1959 30 

Jensen (et al.), 1980 1999 23 

Bergh, 1871-1905 20 

Pease. 1860-1871 17 

Ortca (ct al.), 1981-2006 15 

Trinchese, 1869-1895 14 

Ichikawa, 1993 11 

Thompson (ct al.), 1973-1988 10 

A. Costa, 1862-1876 10 

Total for 10 authors (groups) 189 

Total # nominal species 387 

Percentage described by 10 most productive 
authors (groups) 49 

Total # authors (groups) 104 

Average # species per author (group) 3.7 


ing the 19 th century is high, but many species have sub- 
sequently been synonymized. New species are still discov¬ 
ered (Ortea & Templado 1990; Perrone 1990; Cervera 
et al. 1991), old synonyms resurrected (Cervera & Lopez- 
Gonzalez 1996; Ortea & Moro 1998), and the validity 
of some species, even some of the more recently described 
ones, is still debated (Cervera et al. 2006). In addition, 
species ranges appear to be expanding (Thompson 1983; 
Ortea et al. 1997; Evertsen & Barken 2002). Hence the 
present analyses represent an ad hoc picture of species dis¬ 
tributions and diversity. 

Three faunal provinces are reeognized in the Northeast At¬ 
lantic: the warm temperate Mediterranean Sea, including 
the Black and Azov Seas (no sacoglossans occur in the 
Caspian and Aral Seas), the warm temperate Lusitanian 
province and the cold temperate Northeast Atlantic Bo¬ 
real region (Briggs 1995). Three species appear to be en¬ 
demic to the Northeast Atlantic cold-water region. How¬ 
ever, two of these may be identical to Lusitanian and/or 
Mediterranean speeies. The possible synonymy of Ercola- 
nia nigra and E. viridis is currently under study by the 
present author, and it is also likely that Calliopaea oopha- 


Table 2. Species distribution and endemicity of sacoglossan opisthobranch in biogcographic regions as defined by Briggs (1995). 
Only speeies considered valid in the present study have been included, n.d. not determined. 


Region 

1. Northeast Atlantic boreal 

2. Lusitanian 

3. Mediterranean 4- Black Sea 

4. Northwest Atlantic boreal 

5. Caribbean incl. Florida 

6. Southwestern Atlantic tropical + warm temperate 

7. Aleutian 

8. Oregonian 

9. Californian 

10. Mcxican-Panamanian 

11. Southeast Pacific warm temperate 

12. Cold temperate South America 

13. Northwest Pacific cold temperate 

14. Northwest Pacific warm temperate 

15. North and Northwestern Australia 

16. South and Southwestern Australia 

17. Southeastern Australia 

18. Northeastern Australia 

19. Great Barrier Reef 

20. New Zealand 

21. Southeastern Atlantic 

22. Western Indian Ocean + Red Sea 

23. Indo-Polyncsian, incl. Ryukyu Islands 

24. Hawaii 


‘dcs 

# endemics (%) 

11 

3*(27) 

40 

5(12.5) 

37 

8(22) 

6 

1 (17) 

49 

21 (43) 

19 

3(16) 

6 

0 

8 

0 

9 

0 

23 

9(39) 

6 

0 

4 

2(50) 

29 

5 (17) 

41 

9(21) 

23 

4(17) 

22 

6(27) 

15 

6 (40) 

18 

1 (5.5) 

22 

0 

5 

1 (20) 

9 

4(44) 

32 

8(25) 

107 

n.d. 

25 

6(24) 


"Two of these species may be synonymous with Lusitanian and Mediterranean species. 
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Table 3. Similarity between provinces of the Atlantic Ocean. The Southeast Atlantic is excluded due to lack of information. In 
this and all following tables only species considered valid in the present study have been included. CJ Jaccard’s Coefficient; SD 
Dice Coefficient; 1 Index of inclusion; N number of species included; n.d. not determined. 


a. 


CJ \ SD 

NE Atl cold 

NWAtl cold 

Lusitan. 

Medit 

Carib 

Brazil 


N=ll 

N=6 

N=40 

N=38 

N=49 

N=19 

NE Atl cold 


23.5 

27.5 

28.6 

3.33 

n.d 

NWAtl cold 

13.3 

- 

8.70 

9.09 

14.5 

n.d. 

Lusitanian 

15.9 

4.55 

- 

66.7 

31.5 

13.6 

Mediterranean 

16.7 

4.76 

50.0 

- 

23.0 

n.d. 

Caribbean 

1.69 

7.84 

18.7 

13.0 

- 

47.1 

Brazil 

n.d. 

n.d. 

7.27 

n.d. 

30.8 

- 

b. 

I 

NE Atl cold 

NW Atl cold 

Lusitanian 

Medit 

Carib 


NE Atl cold 

_ 

_ 

_ 

_ 

_ 


NWAtl cold 

33.3 

- 

- 

- 

- 


Lusitanian 

63.6 

33.3 

- 

- 

- 


Mediterranean 

63.6 

33.3 

68.4 

- 

- 


Caribbean 

9.09 

66.7 

35.0 

26.3 

- 


Brazil 

n.d. 

n.d. 

21.1 

n.d. 

84.2 



ga Lemche, 1974 is a subtidal variety of C. bellula d’Or- 
bigny, 1837. Limapontia depressa may be the only endem¬ 
ic from this eold-water region, and even that speeies may 
oeeasionally be found further south on the Freneh Atlantic 
coast (M. Poddubetskaia, Bordeaux, pers. eomm. 2006). 
The other two speeies of Limapontia only extend into the 
Lusitanian and/or Mediterranean provinee (Pruvot-Fol 
1954; Schmekel & Portmann 1982); L. capitata oeeurs 
in all three provinces and L. senestra oeeurs in two 
provinees. L. capitata is also the only saeoglossan 
reeorded from Ieeland and the Faroe Islands (Platts 
1985). Henee the genus Limapontia is probably a eold- 
water, eurythermal genus, whieh is endemie to the North¬ 
east Atlantic-Mediterranean region. Various records exist 
of unidentified speeies of Limapontia from other regions 
(e.g. Engel etal. 1940; Burn 1973; Schrodl 1996). How- 
ever, these need confirmation as many speeies of Ercola- 
nia lack eerata in juveniles. 

One speeies, Hennaea variopicta , has its northern limit 
along the south eoast of the UK (Lemche & Thompson 
1974). Two speeies, Elysia viridis and Calliopaea belln- 
la , have their northern limit around Trondheim fjord (Brat- 
tegard & Holthe 2001). Four speeies, Alderia modes- 
ta, Placida dendritica, Limapontia capitata and L. senes- 
tra , oeeur in the northernmost part of Norway (Vader 
1981; Brattegard & Holthe 2001; Evertsen & Barren 
2002; pers. obs.), and all three speeies of Limapontia plus 
Alderia modest a have been reeorded from the White Sea 
(Roginsraya 2000; Martynov et al. 2006). Prior to 1997 


P. dendritica had not been reeorded from Norway north 
of the Bergen area (Evertsen & Barren 2002). 

Five speeies appear to be endemie to the Lusitanian 
provinee. These have all been described after 1980, so it 
is possible that they will be found in neighboring regions 
in the future. The Canary Islands has the highest speeies 
diversity of this region (27 of 40 speeies have been reeord¬ 
ed here). A number of Caribbean speeies have been reeord¬ 
ed from these islands in reeent years (Ortea et al. 1998). 
Sinee the saeoglossan fauna of these islands has been well 
documented over many years (Ortea 1981 : Fernandez- 
Ovies & Ortea 1986; Cervera et al. 1988; Ortea et al. 
1990; Templado et al. 1990), and only one or a few spec¬ 
imens have been eolleeted at one single time far from their 
native distribution area, these speeies have most likely 
been transported by human aetivities (Chapman & Carl¬ 
ton 1991). Few speeies have been reeorded from 
Madeira, Salvage, Cape Verde and Azores Islands (Ortea 
1981; Ortea & Templado 1990; Ortea et al. 1988, 1990, 
1998; Malaquias & Calado 1997; Jensen 1995, in 
prep.). There is an old reeord of the shelled Ascobnlla frag- 
ilis from the Atlantie eoast of Spain, whieh is cited in more 
reeent publications (Pilsbry 1895; Prwot-Fol 1954; 
Cervera et al. 2006). As this speeies feeds exclusively on 
Canlerpa , whieh does not extend this far north 
(Doumenge 1995), this needs to be re-examined. 

Eight speeies are endemie to the Mediterranean. Some of 
these may be synonyms of other speeies with wider dis- 
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tributions (Schmekel & Portmann 1982; Thompson 
1988). Eight amphi-Atlantic (one of which may be cos¬ 
mopolitan), eight Northeast Atlantic-Lusitanian, and five 
endemic species do not extend into the eastern basin of 
the Mediterranean. Only four species found in the east¬ 
ern basin of the Mediterrnanean do not occur in the west¬ 
ern basin; two of these have been described recently 
(Thompson 1988). The total number of sacoglossans in 
the eastern basin is only 17 whereas 34 species are known 
from the western basin (Swennen 1961; Barash & Danin 
1971; Schmekel & Portmann 1982; Thompson 1983; 
Bouchet 1984; Thompson et al. 1985; Thompson 1988; 
Thompson & Jaklin 1988; Cattaneo-Vietti & Thomp¬ 
son 1989; Cervera et al. 2006). The southern coast of the 
Mediterranean has been insufficiently studied. It is uncer¬ 
tain whether two or three species extend into the Black 
and Azov Seas. Limapontia capitata and Ccilliopaeci be /- 
lulu (as Stiliger bell ulus) have been recorded previously 
(Murina & Artemjeva 1997), but recent pictures on the 
Sea Slug Forum (Kurakin 2002) have shown that Ercola- 
uici viridis is present, and it remains to be seen whether 
the species previously identified as C. bellula has been 
misidentified, or whether both species occur. 

The Lusitanian and Mediterranean provinces have very 
high similarity indices (Table 3). The combined number 
of species amounts to 52, which is very close to the species 
diversity found in the Caribbean. However, the number 
of Plakobranchidae is lower in the eastern Atlantic 
provinces (Table 9). 

Briggs (1995) recognizes one circumpolar Arctic region 
comprising Spitzbergen, Greenland and the northern 
coasts of North America and Russia. No sacoglossans have 
been recorded from Spitzbergen (Gulliksen et al. 1999) 
or the north coast of North America (Bleakney 1996; 
Goddard & Foster 2002). The four species occurring in 
the White Sea also occur in the Russian part of the Bar¬ 
ents Sea (Roginskaya 2000; Martynov et al. 2006). In 
addition, Martynov et al. (2006) mentions an old record 
of a single juvenile specimen of Placida deudvitica from 
Kola Bay. This indicates that this area is influenced by the 
North Atlantic Current and should be included in the bo¬ 
real region. The single specimen of Alderia inodesta 
recorded from western Greenland (Platts 1985) could be 
attributed to larvae transported from Canada, which may 
occasionally be able to find suitable habitats for metamor¬ 
phosis in Greenland. The latitude of Disko Fjord is about 
the same as northern Norway, where the species occurs 
regularly. It should be mentioned that in Danish waters this 
species seems to have disappeared from localities where 
prior to 1997 it was abundant (pers. obs.). Whether this 
is due to habitat deterioration or increased temperature is 
unknown. 


The fauna of the Northwest Atlantic is also very well stud¬ 
ied (e.g. Marcus & Marcus 1970; Marcus 1972a,b; 
Marcus & Hughes 1974; Clark 1975; Jensen & Clark 
1983; Bleakney 1996), though new species are still be¬ 
ing described from the tropical waters (Ortea & Espinosa 
1996, 2000, 2001,2002; Caballer et al. 2006; Pierce et 
al. 2006). Only 6 species occur in the cold temperate 
province; one of these, Placida deudvitica , may be cos¬ 
mopolitan ( Bleakney 1989) and one, Alderia inodesta , is 
circum-boreal. Apparently only one species, Elysia catu- 
lus , is endemic to the Northwest Atlantic cold water re¬ 
gion (Clark 1975). This species feeds on the seagrass 
Zostera marina , which does not occur in Florida. It is pos¬ 
sible that E. eatnlus is a dark pigmented variety of the oth¬ 
er seagrass feeding species, Elysia serca (Jensen 1982), 
in which case there will be no endemic species for the 
Northwest Atlantic. Ercolauia fnscata may occur from No¬ 
va Scotia, Canada to Sao Paolo, Brazil, but this distribu¬ 
tion is based on synonymization with E. vane11us and E. 
talis (Jensen & Clark 1983). Two species, Elysia clilorot- 
ica and Hermaea cruciata , have their southern limit in 
Florida (Jensen & Clark 1983), i.e., just south of the 
cold-water region. The former species also occurs in the 
northern part of the Gulf of Mexico (Boone 1982), and 
the latter has its northern limit in Massachusetts (Mar¬ 
cus 1972a). The species presently known as Limapontia 
zouata , and known only from its original collection 
(Gould & Binney 1870), is probably a flatworm; no 
sacoglossan has transverse pigment bands. 

A separate Carolinian province could not be distinguished 
for sacoglossan opisthobranchs, and no difference is ev¬ 
ident between the continental and insular parts of the 
Caribbean (Clark & DeFreese 1987), including Bermu¬ 
da (Clark 1984), although these provinces were consid¬ 
ered distinct by Briggs (1995). However, the majority of 
studies involving sacoglossans are from the Caribbean is¬ 
lands. 1 he limit between cold-water and tropical faunas 
appears to be along the coast of Florida (Jensen & Clark 
1983); 36 of the 49 Caribbean species have been record¬ 
ed from Florida (Thompson 1977; Marcus 1977, 1980; 
Clark 1982; Clark & DeFreese 1987; Pierce et al. 
2006; Valdes et al. 2006). The degree of endemism in the 
Caribbean is exceptionally high (Table 2). Especially the 
number of Plakobranchidae is high (Table 9), indicating 
that speciation in this family has taken place within the 
province. Five of the 21 endemic species have been de¬ 
scribed after 1990, so they may be found outside this 
province in the future or be synonymized with other 
species. As for the Mediteranean and Lusitanian provinces, 
synonymies are extensively debated and the status of sev¬ 
eral species remains uncertain (Jensen & Clark 1983; 
Marcus 1980; Valdes et al. 2006). 
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Table 4. Similarity of provinces of East Pacific. Due to the high similarity between Aleutian, Oregonian and Californian provin¬ 
ces, these have been merged (Al+Or+Cal). Other abbreviations as in Table 3. 


CJ\SD 

Aleutian 

Oregonian 

Californian 

Al+Or+Cal 

Mex-Panam 

SE Pacific 


N=6 

N=8 

N=9 

N=10 

N=23 

N=9 

Aleutian 

_ 

85.7 

66.7 

_ 

27.6 

n.d. 

Oregonian 

75.0 

- 

82.4 

- 

38.7 

n.d. 

Californian 

50.0 

70.0 

- 

- 

50.0 

n.d. 

Al+Or+Cal 

- 

- 

- 

- 

48.5 

10.5 

Mex-Panam 

16.0 

24.0 

33.3 

32.0 

- 

43.8 

SE Pacific 

n.d. 

n.d. 

n.d. 

5.56 

28.0 

- 

b. 

I 

Aleutian 

Oregonian 

Californian 

Al+Or+Cal 

Mex-Panam 


Aleutian 

_ 

_ 

_ 

_ 

_ 


Oregonian 

100.0 

- 

- 

- 

- 


Californian 

83.3 

87.5 

- 

- 

- 


Mex-Panam 

66.7 

75.0 

88.9 

80.0 

- 


SE Pacific 

n.d. 

n.d. 

n.d. 

11.1 

77.8 



The genus Bosellia appears to be an Atlantic warm-wa¬ 
ter genus with one amphi-Atlantic, one Canary Islands en¬ 
demic (Fernandez-Ovies & Ortea 1986), and two 
Caribbean species (Marcus 1973). There are some scat¬ 
tered reports of Bosellia from the Indo-Pacific region 
(Marcus 1978; Imamoto 2004; Pittman 2004; Riek 
2006). However, too few specimens have been recorded 
to either identify them as one of the described species or 
decide that they are undescribed species. 

Briggs (1995) recognized a tropical Brazilian province ex¬ 
tending to just south of Rio de Janeiro. For sacoglossans, 
most Brazilian species extend south to the area around Sao 
Paolo (Marcus (Er.) 1955, 1957; Marcus & Marcus 
1967; Marcus (Ev.) 1977). This can probably be ex¬ 
plained by the extensive collecting activity of the Marcus¬ 
es around Sao Paolo; 47% of the Brazilian species have 
been described by them. Furthermore, more than 90% of 
the Brazilian species also occur in the Caribbean (Table 
3b), and the number of endemic species is low (Tabic 2). 
This is most likely also due to the activities of the Mar¬ 
cuses in both these regions. 

Trowbridge (2002) reviewed the Northeast Pacific 
sacoglossan fauna. She recognized four provinces, but un¬ 
fortunately the borders are not exactly the same as sug¬ 
gested by Briggs (1995). This is especially evident for the 
Californian province, in which Trowbridge records one 
species of the bivalvcd genus Bertlielinia plus a couple 
of unidentified/ undescribed species. The present study 
found no endemic species in the Aleutian, Oregonian and 
California provinces and hence these were merged. Also, 
no difference was obvious between the Mexican and Pana¬ 
manian provinces, which have also been merged before 


comparisons with other provinces (Tabic 4). In the Mex- 
ican-Panamanian province four species have been record¬ 
ed after the publication of Trowbridge’s paper (Behrens 
& Hermosillo 2005; Krug et al. 2007) and one species, 
Ascobulla califoniica (originally described as Cylindrob- 
ulla califoniica by Hamatani (1971)), was not considered 
a sacoglossan by Trowbridge (2002). The occurrence of 
Alcleria modesta in the Mexican-Panamanian region is 
probably the recently described species, Alderia willowi 
(Krug et al. 2007), which occurs southwards from cen¬ 
tral California. The monotypic genus Olca is endemic to 
the Northeastern Pacific region, extending from the Aleut¬ 
ian to the Californian province (Trowbridge 2002). Her- 
maea vane Oliverens is is a cold-water species, extending 
across the Bering Strait to the Kurile province (Cherny¬ 
shev 2005). One species, Elysia hedgpethi , occurs from 
British Columbia, Canada to Chile (Schrodl 1996; Trow¬ 
bridge 2002), though the occurrence in Chile needs ver¬ 
ification. 

The species extending into the warm temperate region of 
the Southeast Pacific almost all are shared with the trop¬ 
ical Mexican-Panamanian region (Schrodl 1996; Trow¬ 
bridge 2002; Behrens & Hermosillo 2005). Julia die - 
caphora is considered the oldest name for J. equatorialis , 
which was also described from the tropical East Pacific. 
Only four species have been recorded from cold-tcmper- 
ate South America, one from the Atlantic coast and three 
from the Pacific (Marcus 1959; Schrodl 1996; Munian 
& Ortea 1997). Due to the low number of species and 
sparse collecting activity, the species from the Southeast 
Pacific coast have been considered as one province for 
analyses. 






262 


Kathe R. Jensen: Biogeography of Sacoglossa 


Table 5. Similarity of Japanese biogeographic provinces and of Northwest and Northeast Pacific provinces. The Japanese provin¬ 
ces have also been compared to the neighboring Central Pacific sub-province. Abbreviations: see Table 3. 


a. 


CJ \ SI) 

Japan cold 

Japan warm 


temp., i\=26 

temp., N=41 


Japanese cold temp. 

- 

59.7 

Japanese warm temp. 

42.6 

- 

Ryukyu 

15.7 

23.3 

Central Pacific 

14.9 

22.7 

NW Pacific cold temp. 

- 

n.d. 

NE Pacific cold temp. 

n.d. 

n.d. 

b. 

1 

Japan cold 
temp. 

Japan warm 
temp. 

Japanese cold temp. 

- 

- 

Japanese warm temp. 

76.9 

- 

Ryukyu 

30.8 

42.4 

Central Pacific 

38.5 

41.5 

NE Pacific cold temp 

- 

n.d. 

Four biogeographic regions or provinces 

can be distil 


guished along the eoasts of Japan. Biogeographieally the 
southernmost archipelago of Ryukyu belongs in the vast 
tropical lndo-Polynesian province (Briggs 1995), but be¬ 
ing under Japanese jurisdiction, the saeoglossan fauna has 
been studied mostly by Japanese scientists (e.g. Baba 
1936; Hamatani 1980; Ichikawa 1993). Henee Ryukyu 
has been included in both analyses of the Japanese fauna 
(Table 5) and of the Indo-Wcst Paeifie one (Table 7). The 
warm-water temperate region comprises southern and 
eastern Japan, ineluding the well studied Seto Inland Sea 
and Sagami Bay. The corresponding continental coast of 
China has been insufficiently studied, and only 14 
species have been reeorded from southern Korea (Koh 
2002a,b, 2003, 2005a,b,e; Rudman, Sydney, pers. eomm. 
2007). The cold-water temperate oriental province in¬ 
cludes the eentral and western eoasts of Honshu, where¬ 
as the northernmost island of Hokkaido belongs to the 
Kurile province (Briggs 1995). The eold-tcmpcrate fau¬ 
na of Japan contains more speeies (N=26) than any oth¬ 
er eold-water fauna. A few shelled speeies extend into this 
province, which is also seen in southern Australia, but not 
in other cold-water provinces. Only three additional 
saeoglossan speeies have been reeorded from the Kurile 
province (Baba 1935; Chernyshev & Chaban 2005; 
Trowbridge 2006) and these were only included in the 
comparison of Northeast and Northwest Paeifie eold-wa¬ 
ter faunas (Table 5). The highest number of speeies has 
been reeorded from the warm temperate region (e.g. Ba¬ 
ba 1949, 1952a,b, 1955, 1957, 1959,^1966; 1968; 
Hamatani 1968, 1969, 1972, 1976a,b, 1994; Kawaguti 


Ryukyu 

Central Pacif. 

NW Pacif. cold 

NE Pacif. 

\=33 

N=51 

temp., N=29 

cold temp. 

i\=10 

27.1 

26.0 


n.d. 

37.8 

37.0 

n.d. 

n.d. 

- 

38.1 

n.d. 

n.d. 

23.5 

- 

n.d. 

n.d. 

n.d. 

n.d. 

- 

20.5 

n.d. 

n.d. 

11.4 

- 


Ryukyu MV Pacif. 

cold temp. 


48.5 

n.d. 40.0 


& Baba 1959; Hirano et al. 2006); in fact Baba described 
59% of the speeies from this province and 69% of the 
speeies from the eold-water region of Japan. A few of the 
speeies described by Baba have been synonymized with 
more widespread Indo-West Pacific speeies (Baba 1974; 
Jensen 1985). On the other hand, many of Baba's speeies 
have been identified outside Japan (Jensen 1985; Carl¬ 
son & Hoff 1978, 2003; Burn 1998, 2006). 

The Northeast Australian and Great Barrier Reef faunas 
(Burn 1966b; Thompson 1973; Marshall & Willan 
1999; Wagele & Johnson 2001) are so elosely related to 
each other that no endemics have been reeorded from the 
Great Barrier Reef and only one endemie speeies, Placi- 
da fralila , has been reeorded from Northeast Australia 
(Table 2). Hence these two provinces were merged for 
similarity analyses, and the combined province has two 
endemie speeies (Elysia benuettae, P. fralila). For the 
Great Barrier Reef 30% of the speeies were listed as 
unidentified and/or undeseribed (Marshall & Willan 
1999). This part of Australia has been included in the In- 
do-Polynesian province by Briggs (1995). This is support¬ 
ed by the low endemieity, and also, the similarity w ith the 
fauna of the South Pacific islands is higher than w ith any 
of the other Australian provinces (Tables 6 and 7). The 
North and Northwestern Australian fauna has rather high 
similarity to the Western Indian Ocean fauna (Table 7). 
This is in spite of the faet that almost 40% of the speeies 
have been described by the present author within the last 
20 years (Jensen 1993b, 1997b,c; Jensen & Wells 1990). 
The fauna of the South and Southwestern Australia has 
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Table 6. Similarity of provinces of the Australian continent. Due to the high similarity between the Northeast Australian provin¬ 
ce and the Great Barrier Reef, these two provinces have been merged (NE Aus+GBR). Abbreviations as in Tab. 3. 


a. 


CJ\SD 

NE Austr 

GBR 

NE Aus+ GBR 

N+NW Austr 

SW+S Austr 

SE Austr 


N=18 

N=22 

N=28 

N=23 

N=22 

N=15 

NE Australia 

_ 

60.0 

_ 

34.1 

30.0 

30.3 

GBR 

42.9 

- 

- 

26.7 

18.2 

16.2 

NE Aus+GBR 

- 

- 

- 

31.4 

28.0 

27.9 

N+NW Austr 

20.6 

15.4 

19.0 

- 

48.8 

26.3 

SW+S Austr 

17.6 

10.0 

16.3 

32.4 

- 

43.2 

SE Austr 

17.9 

8.82 

16.2 

15.2 

27.6 

- 

b. 

I 

NE Austr 

GBR 

NE Aus+GBR 

N+NW Austr 

SW+S Austr 


NE Australia 

_ 

_ 

_ 

_ 

_ 


GBR 

66.7 

- 

- 

- 

- 


NE Aus+GBR 

- 

- 

- 

- 

- 


N+NW Austr 

38.9 

27.3 

34.8 

- 

- 


SW+S Austr 

33.3 

18.2 

31.8 

50.0 

- 


SE Austr 

33.3 

20.0 

40.0 

33.3 

53.3 



the highest affinity to the fauna of North and Northwest¬ 
ern Australia, and the other way around, whereas the fau¬ 
na of Southeastern Australia (Burn 1958, 1960, 1965, 
1974, 1998, 2006) has a higher affinity to the fauna of 
South and Southwestern Australia than to that of North¬ 
eastern Australia and the Great Barrier Reef (Table 6). This 
may change when the 50% unidentified/undescribed 
species listed for Southeastern Australia (Burn 2006) are 
properly named. 

Very few sacoglossans have been recorded from New 
Zealand (Powell 1937; Willan & Morton 1984; Trow¬ 
bridge 1995a; Spencer & Willan 1995). The fauna con¬ 
sists of widespread species and one endemic (Table 2). 
Hence this fauna has not been further analyzed in the pres¬ 
ent study. 

The sacoglossan fauna of the Red Sea (Eliot 1908; O’- 
Donoghue 1929; Heller & Thompson 1983) has about 
the same affinity to the fauna of the Indian subcontinent 
as to the Western Indian Ocean, and the index of inclu¬ 
siveness (I) for the Red Sea and India seusu lato (s.l ., see 
below) is twice that for the Red Sea and the Western In¬ 
dian Ocean (Table 7b). Also, two out of the ten recorded 
species are endemic to the Red Sea. Hence the Red Sea 
should be considered a separate province. In other 
groups of invertebrates Lessepsian migrants are common. 
For sacoglossans this appears to be a small and recent 
problem (Yokes 2001,2002; Rudman 2002). Except for 
these few species, the Red Sea does not share any species 
with the Mediterranean. 


The sacoglossans found in southwestern Africa are more 
closely related to those found in southeastern Africa than 
to any other region or province (Gosliner 1987a); in fact 
no species are shared with the Brazilian fauna and only 
one species, Plackla dendritica, is shared with the Lusi- 
tanian province. Hence this province has been considered 
in connection with the Western Indian Ocean province. 
Endemicity is high, but this could be due to the poor 
knowledge of tropical western Africa. Only one species 
has been described from this region (Marcus & Marcus 
1966), so this was not included in the present study. The 
East Atlantic species Elysia \iridis apparently occurs from 
central Norway (Brattegard & Holthe 2001) to South 
Africa (Gosliner 1987a). though no records exist between 
the Senegal (Pruvot-Fol 1953) and South Africa, and 
Gosliner (1998) has subsequently changed the identifi¬ 
cation to Elysia sp. The species was originally identified 
in South Africa as the Indian species E . punctata by Mac- 
nae (1954). Gosliner (1987a) found a distinct faunal sep¬ 
aration for opisthobranchs at Poll Elizabeth, whereas 
Briggs (1995) considers the coast between the Cape of 
Good l lope and north of Durban one province. In the pres¬ 
ent study Port Elizabeth has been used to separate the fau¬ 
nas of southwestern Africa and the Western Indian Ocean. 

The Western Indian Ocean is considered a separate 
province by Briggs (1995 ). The sacoglossan fauna of this 
province has a high similarity with the South Pacific and 
North and Northwestern Australia (Table 7). The affinity 
with the fauna of India s.l. (India, Sri Lanka and Maldives) 
is considerably lower, and also the affinity with the lndo- 
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Table 7. Similarity of provinces of the Australian continent. Due to the high similarity between the Northeast Australian provin¬ 
ce and the Great Barrier Reef, these two provinces have been merged (NE Aus+GBR). Abbreviations as in Tab. 3. 


a. 


CJ\SD 

SWAfr. 

WIO 

Red Sea 

India s. L 

Indo-Malay 

N+NW 

Centr. Pac. 

NE Aus 

S Pacific 

Hawaii 

Ryukyu 


N=8 

N=27 

N=10 

N=20 

N=48 

Austr 

isl. 

+ GBR 

N=33 

N=25 

N=33 







N=23 

N=51 

N=28 




SW Afr. 


28.6 

11.1 

7.14 

n.d. 

12.9 

n.d. 

n.d. 

9.76 

n.d. 

n.d. 

WIO 

16.7 

- 

27.0 

17.0 

24.0 

32.0 

35.9 

25.5 

36.7 

n.d. 

n.d. 

Red Sea 

5.88 

15.6 

- 

26.7 

n.d. 

18.2 

n.d. 

n.d. 

18.6 

n.d. 

n.d. 

India s. /. 

3.70 

9.30 

15.4 

- 20.6 

14.0 

19.7 

12.5 

22.6 

17.8 

7.55 


Indo-Malay 

n.d. 

13.6 

n.d. 

11.5 

- 

22.5 

50.5 

28.9 

37.0 

19.2 

24.7 

N+NW Austr 

6.90 

19.0 

10.0 

7.50 

12.7 

- 

29.7 

31.4 

32.1 

n.d. 

n.d. 

Centr. Pac. isl. 

n.d. 

21.9 

n.d. 

10.9 

33.8 

17.5 

- 

43.0 

50.0 

42.1 

38.1 

NE Aus+GBR 

n.d. 

14.6 

n.d. 

6.67 

16.9 

19.0 

27.4 

- 

42.6 

n.d. 

n.d. 

S Pacific 

5.13 

22.4 

10.3 

12.8 

22.7 

19.1 

33.3 

27.1 

- 

41.2 

24.2 

Hawaii 

n.d. 

n.d. 

n.d. 

9.76 

10.6 

n.d. 

26.7 

n.d. 

26.1 

- 

13.8 

Ryukyu 

n.d. 

n.d. 

n.d. 

3.92 

14.1 

n.d. 

23.5 

n.d. 

13.8 

7.41 

- 

b. 

1 

SW Afr. 

WIO 

Red Sea 

India .v. /. 

Indo-Malay 

N+NW 

Centr. Pac. 

NE Aus 

S Pacific 

Hawai 








Austr. 

isl. 

+ GBR 




SW Afr. 

_ 

_ 

_ 

_ _ 

_ 

_ 

_ 

_ 

_ 

_ 


WIO 

62.5 

- 

- 

- - 

- 

- 

- 

- 

- 

- 


Red Sea 

12.5 

50.0 

- 

_ - 

- 

- 

- 

- 

- 

- 


India s. /. 

12.5 

20.0 

40.0 

- - 

- 

- 

- 

- 

- 

- 


Indo-Malay 

n.d. 

33.3 

n.d. 

35.0 

- 

- 

- 

- 

- 

- 


N+NW Austr 

25.0 

34.9 

30.0 

15.0 

34.8 

- 

- 

- 

- 

- 


Centr. Pac. isl. 

n.d. 

51.9 

n.d. 

35.0 

52.1 

47.8 

- 

- 

- 

- 


NE Aus+GBR 

n.d. 

25.9 

n.d. 

15.0 

39.3 

34.8 

60.7 

- 

- 

- 


S Pacific 

25.0 

40.7 

40.0 

30.0 

45.5 

39.1 

63.6 

46.4 

- 

- 


Hawaii 

n.d. 

n.d. 

n.d. 

20.0 

28.0 

n.d. 

64.0 

n.d. 

48.0 

- 


Ryukyu 

n.d. 

n.d. 

n.d. 

10.0 

30.3 

n.d. 

48.5 

n.d. 

24.2 

16.0 



Malayan sub-province is lower. Endemicity is high (5 of 
27 species), though two of these species have sometimes 
been synonymized with widespread Indo-West Pacific 
species (Gosliner 1987b). The majority of species 
recorded from the Western Indian Ocean have been col 
lccted from the southern pail of the region, i.e. South 
Africa (Thompson 1979; Gosliner 1987a,b, 1995), Tan¬ 
zania (Eliot 1903, 1904; Gosliner 1995), Madagascar 
(Gosliner 1995) and Mauritius (Bergh 1888; Gosliner 
1995). 


province (9 endemic species); the Mariana and Marshall 
Islands together with Micronesia were considered a Cen¬ 
tral Pacific sub-province (4 endemic species); Papua New 
Guinea, Solomon Islands, Fiji, Vanuatu, New Caledonia. 
Samoa and the Polynesian islands form a South Pacific 
province (6 endemic species); and as mentioned above the 
Ryukyu Islands form a separate sub-province (10 endem¬ 
ic species). Many of the endemic species have been de¬ 
scribed within the last 20 years, so they may actually have 
wider distributions. 


A total of 107 species of sacoglossans have been record¬ 
ed from the vast Indo-Polyncsian province. Most of these 
species are only distributed in part of the province and 
hence it was subdivided into five sub-provinces: The In¬ 
dian subcontinent, including Sri Lanka and the Maidive 
Islands was considered one sub-province (10 endemic 
species); the Andaman Sea, the South China Sea, Indone¬ 
sia and the Philippines form an Indo-Malayan sub- 


Of the 107 species recorded from the Indo-Polynesian 
province only 12 have distributions from the Western In¬ 
dian Ocean and/or the Red Sea to the Central and/or South 
Pacific islands, two species, Elysia oniatci and Ercolauia 
coernlea , arc circum-tropical and one, Placida deudriti- 
ca , may be cosmopolitan. Two of the 12 widespread In¬ 
do-West Pacific species are shelled (O.xynoe viridis and 
Berthelinia schlumbergevi ), seven are plakobranchoids (5 
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species of Tlmridilla , Elvsiella pnsilla and Plakobranclms 
ocellatus ) and three are limapontioids (Cyerce elegcms, C. 
nigricans and Polybrancbia onentalis). The widest lati¬ 
tudinal distributions along the West Pacific rim are found 
in the four species that occur from the cold-temperate pail 
of Japan to the eold-temperate part of Australia. Two of 
these species are the circum-tropical Elysia ornata and the 
questionably cosmopolitan Placida denciritica ; the other 
two are Elysia obtnsa and Stiliger smaragdinns. P. den- 
dritica has been synonymized with a number of species 
described from different places in the Indo-West Pacific 
(Bleakney 1989), but the synonymy has been doubted 
(e.g. Trowbridge 1995b). Two species, Oxynoe viridis 
and Elvsiella pnsilla , extend from warm-temperate Japan 
to southern Australia. Two further species, Tlmridilla 
splendens and Polybrancbia orientalis , extend from 
warm-temperate Japan to Northeast Australia and the 
Great Barrier Reef. Four species, Plakobranclms ocella¬ 
tus , Tlmridilla vatae, T. hoffae and Cyerce nigricans , ex¬ 
tend from the Ryukyu Islands to tropieal Australia. Most 
of these species also have wide longitudinal distributions. 
Plakobranclms ocellatus oceurs in a number of colour va¬ 
rieties, and it is possible that a complex of sibling species 
is involved (see discussion on the Sea Slug Forum: 
http://www.seaslugforum.net/fmd.cfm?id= 13970) (last 
access 12^ of August 2007). 

The Indian sub-province has a high proportion of endem¬ 
ic species (50%). This is probably an artifact due to the 
activities of a few taxonomists who have worked only 
within this sub-province (Kelaart 1858; Nevill & 
Nevill 1869; Rao 1937; Rao & Rao 1963; Sarma 1975). 
Most of G. & 11. Nevill’s species have been synonymized, 
though not consistently with the same species. Although 
doubtful, they have been considered valid in the present 
study. The species described by Kelaart have been re¬ 
examined several times (Eliot 1906; O’Donoghue 1932) 
and they are still recognized as valid, mostly widespread 
Indo-West Pacific species. In spite of the high endemici- 
ty, Indian./, shows higher similarity to the Indo-Malayan, 
Central and South Pacific sub-provinces than to the West¬ 
ern Indian Ocean province (Tabic 7). The highest simi¬ 
larity is found between India sd. and the Red Sea, but this 
is caused by the low number of species found in the Red 
Sea, and the high proportion of widespread Indo-West Pa- 
eific species. 

The Indo-Malayan and Central Pacific sub-provinees have 
twice the number of species occurring in tropical Australia 
and the Western Indian Ocean and 50% more speeies than 
the South Pacific and Ryukyu Islands. This could be seen 
as evidence for being a eenter of origin for evolution of 
new species. Looking at species composition in the cen¬ 
tral Pacific islands (data from Marcus 1965; Johnson & 
Boucher 1983; Carlson & Hoff 2003), it seems more 


likely that they are “traps’', where speeies dispersing from 
the Japanese warm-temperate and from tropical and pos¬ 
sibly even warm-temperate Australia can find suitable 
habitats. The Central Pacific sub-provinee is the only one 
with less than 10% endemies, but many unidentified 
and/or undeseribed species are known from this sub¬ 
province (Carlson & Hoff 2003; own obs.). Most bio¬ 
geographic studies indicate that the triangle consisting of 
Indonesia, Malaysia and the Philippines and sometimes 
including Papua New Guinea has the highest number of 
species (Ekman 1953; Briggs 1995, 2005). Information 
on saeoglossan distributions in the Indo-Malayan sub¬ 
province has been collected from numerous sources (e.g. 
Bergh 1871, 1872, 1905; Eliot 1917; Lin 1986, 1990; 
Gosliner 1995; Gosliner et al. 1996; Debelius 1996; 
Jensen 1998a,b, 2003; Swennen et al. 2001). The num¬ 
ber of saeoglossan species is slightly lower in this sub¬ 
province than in the islands of the Central West Pacific, 
i.e. Marianas, Marshall Islands and Micronesia. This may 
be a collecting artifact caused by the activities of Carlson 
and Hoff in Guam and neighboring islands; they record¬ 
ed 91 species of which 48 (53%) were identified to speeies 
level (Carlson & Hoff 2003). However, the present sim¬ 
ilarity analyses also indicate that these islands constitute 
the center of species diversity. Species described from 
northern Australia, the South China Sea and southern 
Japan also occur in the Mariana Islands. The genus Gas- 
coignella is endemic to the Indo-Malayan province 
(Jensen 1985; Swennen 2001), and the genus Soligenia 
is endemic to the Central Paeifie islands (Hamatani 1991). 
However, with one exception, these species have been de¬ 
scribed within the last 20 years, so they may have wider 
distributions. 

Briggs (1995) considered the Hawaiian islands a separate 
region. The Hawaiian islands have a high endemicity (Os- 
tergaard 1955; Kay 1967; present study), but the pres¬ 
ent study has shown that they also have a rather high sim¬ 
ilarity to the other islands of the Central and South Pacif¬ 
ic (Table 7). 

The islands of the South Pacific have been rather sporad¬ 
ically studied (Pease 1861, 1866, 1868, 1871; Eliot 1899; 
Risbec 1928, 1953; Burn 1966a; Miller 1969; Brodie 
& Brodie 1990; Gosliner 1995). Hence the total num¬ 
ber of species as well as the number of endemics may be 
considerably higher. Gosliner & Draheim (1996) estimat¬ 
ed that more than 40% of the opisthobranch species from 
Papua New Guinea are undeseribed. For the Fiji Islands 
30% of the species have not been identified to speeies lev¬ 
el (Brodie & Brodie 1990). For the sacoglossans most 
of the old species are poorly described and need re-exam¬ 
ination. 
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4. DISCUSSION 

Saeoglossans arc small, often cryptically colored species 
and they arc therefore difficult to collect. This means that 
only a few biogeographie provinces have been thorough¬ 
ly studied. In recent years international workshops and 
biodiversity programs have greatly increased the number 
of saeoglossans known from more remote localities, es¬ 
pecially in tropical waters (Jensen 1985, 1990, 1993b, 
1997b,e, 1999, 2003; Jensen & Wells 1990; Ichikawa 
1993; Gosliner 1995; Swennen 1997, 2001; Ortea & 
Templado 1988; Ortea & Espinosa 1996, 2000, 2001, 
2002; Caballer et al. 2006; Munian & Ortea 1997). The 
present study has reviewed the existing information about 
saeoglossan distributions and analyzed the data for en- 
demieity and similarity among provinces. Although the da¬ 
ta are biased with regards to collecting efforts of a few 
highly active scientists, several patterns have emerged 
from these analyses. The collection bias is most obvious 
in the areas where few other observations have been made, 
e.g. the Brazilian region where basically all collections 
have been made by the Marcuses. However, the species 
richness and endemieity does not differ from that of oth¬ 
er tropical regions with no collection bias. The same seems 
to be true for the Japanese fauna, where Baba has de¬ 
scribed most of the species. The saeoglossan fauna of the 
Indian sub-provinee has been studied by several taxono¬ 
mists, but in this ease endemieity seems remarkably high. 
One reason for this is that descriptions have been pub¬ 
lished in local journals and therefore overlooked by oth¬ 
er taxonomists. 

Overall the distributions of saeoglossans correspond to the 
biogeographie regions and provinces identified by 
Briggs (1995). The exceptions have been pointed out 
above. Some of the provinces identified contain less than 
10 species, which means that just one endemic species will 


Table 8. Number of species and endemieity of the tropical pro¬ 
vinces and sub-provinces of the Indo-Wcst Pacific region. 


Province/ suhprovinee 

# species 

# endemics (%) 

Western Indian Ocean 

27 

5(19) 

Red Sea 

10 

2 (20) 

India sd. 

20 

10(50) 

Indo-Malayan 

48 

9(19) 

Central Pacific 

51 

4(8) 

Ryukyu 

33 

10(30) 

Hawaii 

25 

6(24) 

S Pacific 

33 

6(18) 

Northeast Australia 

+ Great Barrier Reef 

28 

2(7) 

North and Northwestern 

Australia 

23 

4(17) 


yield more than 10% endemieity. Obviously this cannot 
be used to make conclusions about their distinctiveness. 

The records listed in existing literature do not usually have 
longitude and latitude, and many locality names are am¬ 
biguous or oblivious. Consequently it has not been pos¬ 
sible to construct a Mcgree-by-degree” plot of species dis¬ 
tributions for analysis. Nevertheless, the latitudinal de¬ 
crease in species diversity from warm to cold temperate 
provinces is speetaeular. Saeoglossans are dietary special¬ 
ists and the majority of species feed on siphonaeeous green 
algae, whieh are much more abundant and diverse in trop¬ 
ical and warm temperate waters. The cold temperate 
saeoglossan faunas of the North Atlantic as well as the 
Northeast Paeifie Ocean are mostly eurythermie speeies 
with wide latitudinal distributions, extending well into 
neighboring warm water regions; indices of inclusion are 
over 60% (Tables 3b, 4b). This is also seen in Japan (Table 
5b) and southern Africa between the tropical western In¬ 
dian Ocean and the warm temperate southw estern Afriea 
(Table 7b). but not nearly as pronounced in Australia 
(Table 6b). 1 his apparently supports Rapoporfs rule that 
speeies ranges in high latitudes are larger than in low lat¬ 
itudes. However, there are great differences between the 
provinces. The Northeast Paeifie eoldwater fauna is 43% 
of the tropical fauna, the Northeast Atlantic boreal fauna 
is 21% of the combined Lusitanian and Mediterranean fau¬ 
na, and the Northwest Atlantic boreal fauna is only 12% 
of the Caribbean fauna. 

The number of amphi-Atlantic speeies is relatively high, 
especially for the warm-water/tropical faunas (Ortea et 
al. 1997; present study); 16 speeies (about 30%) occur in 
the Caribbean and the Lusitanian and/or Mediterranean 
provinces. However, amphi-Atlantic distributions for most 
of these species have only been recognized in recent years 
(Templado et al. 1990; Ortea et al. 1988, 1998), and it 
cannot be excluded that human introductions are involved. 
Contrary to this, only one cold-temperate speeies, Hev- 
uiaca vcnicouverensis , has an amphi-Pacific distribution. 
Alderia modesta has a eircum-boreal/aretie distribution. 
Elysiella pusilla has recently been recorded from the Mex- 
ican-Panamanian province (Behrens & Hermosillo 
2005). However, it cannot be excluded that this is a hu¬ 
man introduction. The same is true for Evcolcmia 
boodleae, a Japanese speeies, which has been recorded 
from California (Behrens 1991); this may also be a 
misidentifieation (Trowbridge 2002). The so-called eir- 
eum-tropieal speeies, Elysia ovnata and Ercolania 
coevulea , are conspicuously absent from tropical eastern 
Pacific; they extend from the Caribbean to the South 
and/or Central Paeifie islands. Lobiger souverbii, whieh 
has been synonymized with several Indo-West Paeifie 
speeies (Kay 1964; Baba 1974; Gosliner 1987a; Goslin¬ 
er et al. 1996), and which occurs in the Caribbean as well 
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Table 9. Distribution of species of the Oxynoacea, Plakobranchoidea and Limapontioidca in provinces supported by present stu¬ 
dy. 

Region Oxynoacea Plakobranchoidea Limapontioidea 


NE Atlantic 0 

Lusitanian 4 

Mediterranean 3 

NW Atlantic 0 

Caribbean 6 

NE Pacif. warm + cold 0 

Mexican-Panamanian 5 

SE Pacific 4 

Hawaii 7 

Japan cold temp. 3 

Japan warm temp. 9 

Ryukyu Islands 9 

Australia, tropical 9 

Australia, warm + cold 8 

W Indian Ocean 9 

India, Sri Lanka, Maldi. 8 

Indo-Malaya 5 

Central Pacific 10 

SW Pacific 12 


as Mexican-Panamanian province (Behrens 1991; Trow¬ 
bridge 2002), may be the only truly circum-tropical 
species. Very few species are shared between the 
Caribbean and Mexican-Panamanian provinces, but there 
is probably a sister-taxon relationship between the East Pa¬ 
cific Elysia diomedea (formerly Tridachiella diomedeci) 
and the Caribbean E. crispata (formerly Tridachia crispa- 
ta) and E. clarki. Thus the Central American land bridge 
is as effective a geographical separation as the natural land 
barrier between the Red Sea and the Mediterranean. Al¬ 
so the few species occurring on both sides of the Isth¬ 
mus of Panama may have arrived on the Pacific side as 
hitch-hikers on ships travelling through the Panama Canal. 

The subdivision of the Indo-Polynesian province used in 
the present study may seem rather arbitrary. In many stud¬ 
ies Papua New Guinea is considered a part of the lndo- 
Malayan sub-province, whereas it has been included in the 
South Pacific sub-province here. Only 14 species have 
been identified from Papua New Guinea, which is obvi¬ 
ously an underrepresentation; Gosliner (1992) gives 61 
species for this area, but most are undescribed or have not 
been identified to species. Only sacoglossans that have 
been identified to species level can be used for calculat¬ 
ing similarities between different sub-provinces. The 14 
species are almost all widespread species found in the In- 
do-Malayan as well as the Central Pacific sub-provinces. 
The one species that does not occur in these sub-provinces, 
Elysia expans a, has its main distribution in tropical Aus¬ 
tralia. Geologically Papua New Guinea has been associ¬ 
ated with the Australian continent (Briggs 1995). 


1 

10 

10 

26 

11 

24 

2 

4 

25 

23 

1 

9 

6 

12 

2 

3 

13 

5 

11 

12 

18 

14 

15 

11 

20 

14 

10 

11 

18 

8 

8 

4 

29 

14 

25 

16 

17 

4 


The number of species decreases with longitude to the 
west of the Central Pacific islands, from 51 through 48 in 
the lndo-Malayan sub-province to 20 in the Indian sub¬ 
province and 27 in the Western Indian Ocean province. 
The majority of species in the latter province have wide¬ 
spread distributions, whereas less than half the species in 
the Indian sub-provincc belong in this category. A less pro¬ 
nounced longitudinal decrease is seen from 33 species in 
the South Pacific islands through 28 in northeastern Aus¬ 
tralia to 23 in northwestern Australia. 

The number of species of the Central and South Pacific 
islands, including Ryukyu, is at least 50% higher than the 
number of species in tropical East Pacific. This is in spite 
of the fact that the combined area of these islands is rel¬ 
atively small. On the other hand the endemicity of these 
islands is relatively low except in the Ryukyu Islands 
(Table 8). This means that insular isolation has not result¬ 
ed in extensive speciation (or that subsequent dispersal has 
obscured such speciation). The high endemicity of 
Ryukyu is almost entirely attributable to one fairly recent 
publication: Ichikawa (1993). 

Looking at distribution within subordinal taxa of the 
Sacoglossa, it is obvious that the shelled suborder 
Oxynoacea, which all feed exclusively on algae of the 
genus Caulerpa , is restricted by the distribution of this al¬ 
ga. In the North Atlantic shelled sacoglossans occur in 
Bermuda, but there is a questionable record of Ascobul- 
lafragilis from the northern part of Spain (see above). In 
the East Pacific shelled species are found in the Panaman- 
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ian region, but also in the southernmost part of the Gulf 
of California. In the West Pacific shelled species occur in 
the warm temperate region. The only places where shelled 
species occur in cold temperate waters are Victoria, south¬ 
eastern Australia and the west coast of central Japan. These 
places also have species diversity of Canlerpa rivaling 
many tropical and warm temperate provinces (Doumenge 
1995; PrudTiomme van Reine et al. 1996). The two non- 
shellcd superfamilies, Plakobranehoidea and Limapon- 
tioidea, occur in all provinces where sacoglossans arc 
found. 

At the family level, the bivalvcd Juliidac are absent from 
the eastern Atlantic. Since they are common as fossils from 
this region, this must be due to extinction. Juliidae and Vol- 
vatellidae are rare in the Atlantic and eastern Pacific. On 
the other hand, Limapontioidea are highly diverse in the 
northeastern Atlantic and Mediterranean (Table 9). The 
least studied areas have the fewest Limapontioidae. This 
is probably due to the very small size (<10 mm) of most 
of these species. In tropical regions the number of Plako- 
branehioidea is always higher than the number of species 
in the other superfamilies. Plakobranehoidea are most di¬ 
verse in the Caribbean region and in the Indo-Malayan and 
Central Pacific islands sub-provinces; tropical Australia 
also has a high proportion of this superfamily (Table 9). 

Only rarely are more than two or three species of one 
genus found in one area. However, for the genera Elysia 
and Thuridilla many places have more than 5 species, and 
in a few eases more than 10 species may co-occur, though 
on different food algae. Whether this is due to sym- or 
parapatric speeiation or dispersal following allopatrie spe- 
ciation, as suggested by Gosliner (1995), cannot be de¬ 
ducted from existing information. Phylogenetic analysis, 
preferably including molecular data should be applied to 
these genera 1 K 

Some genera are restricted to one or a few neighboring 
biogeographic provinces. Limapoutia only occurs in the 
Northeast Atlantic and Mediterranean region. This may al¬ 
so be the case for the genus Ccilliopaea , though the Japan¬ 
ese Stiligcv pusillns has been tentatively assigned to this 
genus (Baba & Hamatani 1970). The monotypie Platy- 
hedyle only occurs in the Mediterranean (Wawra 1979), 
whereas the genus Gascoignella , which has been assigned 
to the same family, Platyhedylidae (Jensen 1996a), seems 
restricted to the South China Sea (Jensen 1985; Swennen 
2001). The monotypie genus Olea is restricted to the 
Northeast Pacific (Trowbridge 2002). The genus Bosel- 
lia may have its natural distribution restricted to tropical 
and warm temperate Atlantie and Mediterranean (Mar¬ 
cus 1973; Fernandez-Ovies & Ortea 1986), and the 
monotypie genus Sohgeuia has only been found in the 
Central Pacific islands (Hamatani 1991). Common to all 


of the above genera is that they have morphological char¬ 
acters that appear to be reduced compared to other gen¬ 
era in the same superfamilies; they either lack or have very 
reduced rhinophores, eerata or parapodia (or a combina¬ 
tion of these). The genera Robumella, Plakobranchus and 
Pattyclaya are Indo-west Pacific endemics, the former fur¬ 
thermore restricted to southern Australia, and Julia and 
Elysiella also occur in the eastern Pacific. Within the more 
speeiose genera, many have few (1-3) representatives in 
the Atlantie Ocean, zero in the East Pacific, and the re¬ 
maining species are Indo-West Pacific. This is seen in Vol- 
vatella, Thuridilla and Costasiella , indicating that the At¬ 
lantie fauna is a Tethyan relict fauna with little subsequent 
speeiation, except in the genus Elysia in the Caribbean. 
However, the high number of limapontioid species seems 
to contradict this. It is possible that the lack of plakobran- 
choids first spurred a burst of speeiation of limapontioids 
in the East Atlantic/Mediterranean, whereas the speeiation 
in Caribbean Elysia may be a more recent phenomenon. 

The present study is a preliminary analysis of biogeo¬ 
graphic affinities of sacoglossan opisthobranehs. Never¬ 
theless several patterns have been identified, which should 
be further investigated using phylogenetic analyses. Al¬ 
so, some obvious gaps in the existing knowledge as well 
as con dieting and/or questionable records have been iden¬ 
tified. There is an urgent need to describe the undescribed 
species known from the Indo-West Pacific region and to 
collect sacoglossans from poorly studied regions. Final¬ 
ly, several new hypotheses emerge from the present analy¬ 
ses, which should be tested in the future: the genus Elysia 
has speeiated within the Caribbean; warm temperate Aus¬ 
tralia and Japan are centers of speeiation; the appearance 
of several Caribbean species in the Canary Islands is due 
to human activities. 
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Appendix 


List of nominal species of recent Sacoglossa, authorship and type localities. Species arc arranged alphabetically within families 
and superfamilies. Valid species (and species for which synonymy has been contested) arc listed with their current generic name. 
Species considered invalid in the present study are marked with an *. 


Species 

Author 

Oxynoacea 


Volvatellidae 


Ascobulla calif or nica 

(Hamatani, 1971) 

Ascobulla fischeri 

(Adams & Angas, 1864) 

Ascobulla fragilis 

(Jeffreys, 1856) 

Ascobulla japonica 

(Hamatani, 1969) 

Ascobulla? pusilla 

(Ncvill & Nevill, 1869) 

Ascobulla souverbiei 

(Montrouzier in Souverbie 

Ascobulla? systremma * 

(Melvill, 1918) 

Ascobulla ulla 

(Marcus <& Marcus, 1970) 

Ascobulla? turtoni* 

(Bartsch, 1915) 

Volvatella angeliniana 

Ichikawa, 1993 

Volvatella australis 

Jensen, 1997 

Volvatella ayakii 

Hamatani, 1972 

Volvatella bermudae 

Clark. 1982 

Volvatella Candida 

Pease, 1868 

Volvatella cincta 

Nevill & Nevill, 1869 

Volvatella elioti 

(Evans, 1950) ■ 

Volvatella evansi 

(Kay, 1961) 

Volvatella ficula 

Bum, 1966 

Vol va tel la fragilis 

Pease. 1860 

Volvatella kawaniurai * 

Habe, 1946 

Volvatella laguncula 

Sowerby, 1894 

Volvatella omega 

(Melvill, 1918) 

Volvatella pyriformis 

Pease. 1868 

Volvatella ventricosa 

Jensen & Wells, 1990 

Volvatella vigourouxi 

(Montrouzier, 1861) 

Volvatella viridis 

Hamatani, 1976 


Juliidae 


Type locality 


Gulf of California 
"South Australia" 
Mediterranean 
Kii, Middle Japan 
Sri Lanka 

Montrouzier, 1874) New Caledonia 
Gulf of Oman 
E of Santos, Brazil 
South Africa 
Scsoko Is!.. Ryukyu 
Darwin Harbour, N Australia 
Kii, Middle Japan 
Bermuda 
French Polynesia 
Sri Lanka 
Zanzibar 
Oahu, Hawaii 
Fiji 

Sandwich Islands 
Japan 

Port Elizabeth, S Africa 
Gulf of Oman 

Huaheine, French Polynesia 
Albany, SW Australia 
New Caledonia 
Amami Islands, Japan 


Berthelinia (Midorigcii) australis 
Bertlielinia (Tamanovalva) babai 
Berthelinia carihbea 
Berthelinia chloris 
Berthelinia corallensis* 

Berthelin ia danvihi 
Berthelinia (Tamanovalva) fijiensis 
Berthelinia ganapati 
Berthelinia (Tamanovalva) Umax 
Berthelinia pseudocliloris 
Berthelinia rottnesti 
Berthelinia schlumbergeri 
Berthelinia (Edenttellina) typica 
Berthelinia xvaltairensis 
Julia borbonica* 

Julia burni 
Julia cornuta* 

Julia equatorialis* 

Julia exquisita 
Julia japonica 
Ju lia m isli im a ens is 
Julia thecaphora 
Julia zebra 


(Burn, 1960) 

(Bum, 1965) 

Edmunds, 1963 
(Dali, 1918) 

Hedley, 1920 
Jensen, 1997 
(Burn, 1966) 

Sarma, 1975 

(Kawaguti & Baba, 1959) 
Kay, 1964 
Jensen, 1993 
Dautzenberg, 1895 
(Gatliff & Gabriel, 1911) 
Sarma, 1975 
(Deshayes, 1863) 

Sarma, 1975 
(De Folin, 1867) 

Pilsbry & Olsson, 1944 
Gould, 1862 
Kuroda & Habe, 1951 
Kawaguti & Yamasu, 1982 
(Carpenter, 1857) 

Kawaguti 1981 


Torquay, Victoria, Australia 
Torquay, Victoria, Australia 
Port Royal, Jamaica 
Baja California, W Mexico 
Queensland, Australia 
Darwin Harbour, N Australia 

Fiji 

SE India 
Scto, Japan 
Kauai, Hawaii 

Rottnest Island, SW Australia 
Madagascar 

Port Phillip, Victoria, Australia 

SE India 

Reunion 

Andaman Islands, India 
Mauritius 

N of Mancara, Peru 
Hawaiian Islands 
Wakayama, Honshu, Japan 
Yamaguchi Pref. Japan 
Mazatlan, Mexico(?) 
Yamaguchi Pref. Japan 


Oxynoidae 

Icarus gravesii* Forbes, 1844 Aegean Sea 

Lobiger corneus* Morch, 1863 ? (Cuming collection) 
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Lobiger cumiugi* 

(A. Adams, 1850) 

Puerto St. Elena, W Colombia 

Lobiger uevilli 

Pilsbry, 1896 

n.n. for L. viridis G. &. H. Nevill, 1869 

Lobiger pellucid ns* 

A. Adams, 1854 

unknown (Cuming collection) 

Lobiger philippi* 

Krohn, 1847 

Sicily, Italy 

Lobiger pilslvyi* 

Schwengel, 1941 

Sanibel lsl., Florida 

Lobiger picta * 

Pease, 1868 

Huaheine, French Polynesia 

Lobiger sagamiensis 

Baba, 1952 

Sagami Bay, Japan 

Lobiger serradifa lei 

(Calcara, 1840) 

Sicily, Italy 

Lobiger souverbii 

Fischer, 1856 

Guadeloupe 

Lobiger vine!is 

Pease, 1863 

Huahine 

Lobiger viridis* 

Nevill & Nevill, 1869 

Sri Lanka 

Lophoeercus krohuii* 

A. Adams, 1854 

Hawaiian Islands (Sandwich Islands) 

Lopbocercus siebo/dii* 

Krohn, 1847 

Messina, Italy 

Lophopleurella eapensis 

(Thiele, 1912) 

S Africa 

Oxynoe aguayoi* 

Jaume, 1945 

Cuba 

Oxyuoe antiUanuu 

Morch, 1863 

St. Thomas, USVI 

Ox\’uoe azuropnnetatci 

Jensen, 1980 

Florida 

Ox\ 7 toe heuchijigua 

Ortea, Moro & Espinosa, 1999 

Canary Islands 

()x\ • noe Ivric/n cep/udus * 

Morch, 1863 

Based on figure 

Ox\’noe clelicatiila 

Nevill & Nevill, 1869 

Sri Lanka 

()x\moe hargravesi* 

Adams, 1872 

New Hebrides 

Oxyuoe kabireusis 

Hamatani, 1980 

lshigaki lsl., Ryukyu Islands 

On uoe / hi tale us is * 

Smith, 1903 

Port Elizabeth. S Africa 

Oxyuoe olivacea 

Rafinesque, 1814 

Sicily, Italy 

Ox\ woe puucuuensis 

Pilsbry & Olsson, 1943 

Bocas lsl., Panama 

Oxyuoe viridis 

(Pease, 1861) 

Sandwich Islands 

Roburue/la wilsoui 

Plakobranchacea 

(Tate, 1889) 

Port Phillip Bay, Victoria, Australia 

Plakobranchidae 

Acta eon efegaus* 

de Quatrcfages, 1844 

St. Vaast, France 

A ply si op ten is neapo litanus * 

delle Chiaje, 1830 

Napoli. Italy 

Elisia nwnnorata * 

Cantrainc, 1835 

Livorno, italy 

Elysia abei 

Baba, 1955 

Sagami Bay. Japan 

Elysia albo/nargiuata * 

Trinchcse, 1869 

Italy 

Elysia anmkusaua 

Baba, 1955 

Sagami Bay, Japan 

Elysia atroviridis 

Baba, 1955 

Sagami Bay, Japan 

Elysia australis 

(Quoy& Gaimard, 1832) 

Port Jackson, Sydney, NSW 

Elysia babai 

Pruvot-Fol, 1946 

Ryukyu Islands 

Elysia baugtawaeusis 

Swennen, 1997 

Pattani, Gulf of Thailand 

Elysia bedeckta * 

MacFarland, 1966 

Monterey Bay, California 

Elysia bell a} 

(Pease, 1860) 

Hawaii 

Elysia bennettae 

Thompson, 1973 

Heron Island, GBR 

Elysia canguzua 

Marcus, 1955 

NE of Santos, Brazil 

Elysia catu/us 

(Gould, 1870) 

Massachusetts, USA 

Elysia cauze* 

Marcus, 1957 

NE of Santos, Brazil 

Elysia chilkensis 

Eliot, 1916 

Chilka Lake, India 

Elysia chitwa 

Marcus, 1955 

NE of Santos, Brazil 

Elysia chlorotica 

Gould, 1870 

Massachusetts, USA 

Elysia clarki 

Pierce et al., 2006 

Florida 

Elysia cleua* 

Marcus & Marcus, 1970 

?Curacao/?Barbados 

Elysia coodgeeusis 

(Angas, 1864) 

Poll Jackson, Sydney, NSW 

Elysia cornigera * 

Nuttall, 1989 

Spanish Harbor Key. FL 

Elysia crispata 

Morch, 1863 

St. Croix, USV1 

Elysia cyauea* 

Mamo in Caruana, 1867 

Malta 

Elysia degeneri 

Ostcrgaard, 1955 

Oahu, Hawaii 

E/vsia diotnedea 

(Bergh, 1894) 

Lower California 

Elysia dubia* 

Eliot, 1904 

Zanzibar 

Elysia duis * 

Marcus & Marcus, 1967 

Biscayne Bay, Florida 

Elysia elsiae* 

Ostcrgaard, 1955 

Waikiki, Hawaii 

Elysia eugeuiae 

Ortea & Espinosa, 2002 

Manzanillo, Costa Rica (Carib) 

Elysia evelinae 

Marcus, 1957 

NE of Santos, Brazil 

Elysia kushimotoeusis 

Baba, 1957 

Kushimoto, Kii, Japan 

Elysia expausa 

(O'Donoghuc, 1924) 

Abrolhos Islands, NW Australia 

Elysia fans tula* 

Bergh, 1872 

Masoloc, Philippines 



Elysia fezi 
Elysia fllicauda 
Elysia flava 
Elysia jlavipunctata 
Elysia flavomacula 
Elysia furxacauda 
Elysia fnsca* 

Elysia gordanae 
Elysia grandifolia 
Elysia grandis 3 
Elysia haingsisiana 3 
Elysia halimedae * 

Elysia hamatanii 
Elysia hedgpethi 
Elysia hendersoni 
Elysia hetta 
Elysia hirasei 
Elysia japonic a 
Elysia latipes* 

Elysia leucolegnote 
Elysia lobata 
Elysia macnaei* 

Elysia maoria 
Elysia margaritae 
Elysia marginata* 

Elysia minima 
Elysia mimita* 

Elysia nealae 
Elysia nigrocapitata 

Elysia nigropunctata 
Elysia n is bed 
Elysia obtusa 
Elysia ocellata* 

Elysia oerstedii 
Elysia ornata 
Elysia ornata* 

Elysia pagenstecberi* 
Elysia papillosa 
Elysia patagonica 

Elysia patina 
Elysia pilosa 
Elysia pratensis 
Elysia pruvotae* 

Elysia punctata 
Elysia purchoni 
Elysia rnfescens 
Elysia serca 
Elysia setoensis 
Elysia siamensis 
Elysia slimora 
Elysia splendida* 

Elysia subomata 
Elysia sugashimae 
Elysia thompsoni 
Elysia timida 
Elysia tokarensis 
Elysia tomentosa 
Elysia translucens 
Elysia trilobata 
Elysia trisinuata 
Elysia tuca 

Elysia (Elysiella) verrilli* 
Elysia verrucosa 
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Vilella, 1968 

Jensen & Wells, 1990 

Verrill, 1901 

Ichikawa, 1993 

Jensen, 1990 

Burn, 1958 

Philippi, 1844 

Thompson & Jaklin, 1988 

Kelaart, 1857 

Bergh, 1872 

Bergh, 1905 

Macnae, 1954 

Baba, 1957 

Marcus, 1961 

Eliot, 1899 

Perrone, 1990 

Baba, 1955 

Eliot, 1913 

Marcus, Er. & Marcus, Ev. 1960 

Jensen, 1990 

Gould, 1852 

Ev. Marcus, 1980 

Powell, 1937 

Fez, 1962 

(Pease, 1871) 

Ichikawa, 1993 
(Sars, 1835) 

Ostergaard, 1955 
Baba, 1957 

(Pease, 1871) 

Thompson, 1977 
Baba, 1938 
Pease. 1860 
Morch, 1859 
(Swainson, 1840) 

(Pease, 1860) 

Marcus, Ev., 1982 
Verrill, 1901 
Munian & Ortea, 1997 

Marcus, 1980 
Risbec, 1928 
Ortea & Espinosa, 1996 
Risbec, 1953 
Kelaart, 1857 
Thompson, 1977 
(Pease, 1871) 

Marcus, 1955 
Hamatani, 1968 
Swennen, 1997 
Marcus & Marcus, 1966 
Grube, 1861 
Verrill, 1901 
Baba, 1955 
Jensen, 1993 
Risso, 1818 
Baba, 1957 
Jensen, 1997 
Pruvot-Fol, 1957 
Heller & Thompson, 1983 
Baba, 1949 

Marcus & Marcus, 1967 
Thiele, 1931 
Jensen, 1985 
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Barcelona, Spain 
Albany, SW Australia 
Bermuda 

Ishigaki lsl., Ryukyu 
Hong Kong 

Torquay, Victoria, Australia 
Palermo, Italy 
Rovinj, Yugoslavia 
Sri Lanka 
Palau? (Pclew) 

Haingsisi 

Port Alfred, S Africa 
Seto, Japan 

Tomales Bay, California 
Samoa 

Gulf of Taranto, Italy 

Sagami Bay, Japan 

Japan 

Maldives 

Hong Kong 

Hawaii 

Japan?/Australia? 

Auckland, NZ 
Valencia, Spain 
Huahcine, French Polynesia 
Kuro lsl., Ryukyu 
Bergensund, Norway 
Waikiki, Hawaii 

?Osaka/?Seto/?Tsurugu/?Toyama Bay 

Japan 

Tahiti 

Jamaica 

Seto, Japan 

Hawaii 

Punt arenas. Central America 

West Indies 

Hawaii 

Sctc, Mediterranean 
Bermuda 

San Jorge Gulf, Argentina 
(45d58'S; 67d34'W) 

Florida Keys 
New Caledonia 

Eastern part of Yucatan, Mexico 

New Caledonia 

Sri Lanka 

Jamaica 

Tahiti 

NE of Santos, Brazil 
Seto, Japan 

Pattani, Gulf of Thailand 
near Sao Tome, W Africa 
Cherso, N Adriatic 
Bermuda 

Sagami Bay, Japan 
Rottnest Island, SW Australia 
Nice, France Mediterr. 

Tokara Islands, Kyushu, Japan 
Abrolhos Islands, NW Australia 
Banyuls, France Mediterr. 

Red Sea 

Sagami Bay, Japan 

Biscayne Bay, Florida 

n.n. for Elysia (Elysiella catula Verrill 

Hong Kong 
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Elysia viridis 

(Montagu, 1804) 

Devonshire, UK 

Elvsia viridissinta * 

Trinchese, 1869 

Italy 

Elysia vreelandae 

Marcus & Marcus, 1970 

W Mexico 

Elysia yueyamana 

Baba, 1936 

Ishigakishima, Ryukyu 

Elysia zuleicae 

Ortca & Espinosa, 2002 

Cuba 

Elysiella pusilla 

Bcrgh, 1872 

Aibukit, ?Palau (Palaos) 

El) ’s' / el la styl [fern 

Jensen, 1997 

Darwin Harbour, N Australia 

Elysiobra nclws niercieri 

Pruvot-Fol, 1930 

New Caledonia 

Elysiobra nclws ryukyucnsis 

Ichikawa, 1993 

Sesoko Isl„ Ryukyu 

Patty cl ay a arena 

Carlson & Hoff, 1978 

Guam 

Pattyclaya h/ycei 

Jensen & Wells, 1990 

Albany, SW Australia 

Placohranclws argus * 

Bcrgh, 1872 

Honolulu, Hawaii 

Placobranclws caminguinus * 

Bergh, 1872 

Luzon, Philippines 

Placobranchus chlorophagus* 

Bergh, 1878 

Huaheine 

Placobra nclws gracilis * 

Pease, 1871 

Tahiti 

Placobranchus guttatus* 

Stimpson, 1858 

Ryukyu Islands 

Plakobranchus ianthobapsus* 

Gould, 1852 

Honolulu, Hawaii 

Placobranchus laetus* 

Bergh, 1872 

Masoloc, Philippines 

Plakobranchus ocellatus 

van Hassclt, 1824 

Sunda Strait 

Placobranchus priapinus* 

Bcrgh, 1872 

Bohol, Philippines 

Placobranchus punctulatus* 

Bergh, 1872 

Masoloc, Philippines 

Placobranchus variegatus* 

Pease, 1871 

Huaheine, French Polynesia 

Thnridilla albopustulosa 

Gosliner, 1995 

Madang, PNG 

Thuridilla bayeri 

(Marcus, 1965) 

Marshall Islands 

Thnridilla carlsoni 

Gosliner, 1995 

Madang, PNG 

Thuridilla coerulea 

(Kelaart, 1857) 

Sri Lanka 

Thuridilla decora fa 

(Heller & Thompson, 1983) 

Red Sea 

Thuridilla jlavomaculat a 

Gosliner, 1995 

Luzon, Philippines 

Thuridilla gracilis 

(Risbec, 1928) 

New Caledonia 

Thuridilla hojfae 

Gosliner, 1995 

Madang, PNG 

Thuridilla hopei 

(Verany, 1853) 

Nice, France Mediterr. 

Thuridilla indopacifica 

Gosliner, 1995 

Aldabra Atoll 

Thuridilla katluie 

Gosliner, 1995 

Madagascar 

Thuridilla lineolata 

(Bergh, 1905) 

Saleyer 

Thuridilla Uvula 

(Baba, 1955) 

Sagami Bay, Japan 

Thuridilla nuizda 

Ortca & Espinosa, 2000 

Manzanillo, Costa Rica (Carib) 

Thuridilla moebii 

(Bergh, 1888) 

Mauritius 

Thuridilla nudtiniarginata 

Gosliner, 1995 

Midway Atoll 

Thuridilla neona 

Gosliner, 1995 

Lanai, Hawaii 

Thuridilla picta 

(Vcrrill, 1901) 

Bermuda 

Thuridilla ratna 

(Marcus, 1965) 

Palau 

Thuridilla splendens 

(Baba, 1949) 

Sagami Bay, Japan 

Thuridilla thysanopochd 

(Bergh, 1905) 

Tual, Kei Islands, Indonesia 

Thuridilla undula 

Gosliner, 1995 

Madang, PNG 

Thuridilla vatae 

(Risbec, 1928) 

New Caledonia 

Thuridilla virgata 

(Bergh, 1888) 

Mauritius 

Tridachia schraninu* 

Morch, 1863 

Guadeloupe 

Boselliidae 

Bosellia cohellia- 

Marcus, 1978 

?Red Sea/?Mediterranean 

Bosellia corinneac 

Marcus, 1973 

Key Biscayne, Florida 

Bosellia leva 

Fernandcz-Ovies & Ortea, 1986 

Lanzarote, Canary Islands 

Bosellia marcusi 

Marcus, 1972 

Grassy Key & Miami, FL 

Bosellia mimctica 

Trinchese, 1890 

Capri, Italy 

Platyhedylidac 

Gascoignella apnea 

Jensen, 1985 

Hong Kong 

Gascoignella jabae 

Swenncn, 2001 

Pattani, Gulf of Thailand 

Gasc ■oignella nukuli 

Swenncn, 2001 

Pattani, Gulf of Thailand 

Plaft'hedyle denudata 

Salvini-Plawcn, 1973 

Livorno, italy 

Liniapontioidea 

Polybranchidac (=Caliphyllidae) 


Caliphylla inediterranea 

(A. Costa, 1867) 

Napoli, Italy 

Caliphylla tricolor* 

Trinchese, 1879 

Mediterranean 

Cyei re an till efts is 

Engel, 1927 

Tobago(7), Westindicn 
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Cyerce cristallina 
Cyerce? edmundsi 
Cyerce elegcins 
Cyerce graeca 
Cyerce habanensis 
Cyerce jlieringi* 

Cyerce kikutarobabai 
Cyerce nigra 
Cyerce nigricans 
Cyerce orteai 
Cyerce pavonina 
Cyerce verdensis 
Mourgona gennaineae 
Mourgona murca 
Mourgona osumi 
Polybrancliia borgnini 
Polybranchia orientalis 
Polybrancliia pallens 
Polybrancliia papillosa 
Polybrancliia pellucida 
Polybranchia pras in us 
Poly bran cilia rubicundus * 
Polybrancliia viridis 
Polybrancliia w estralis 
Sohgenia palauensis 

Hermaeidae 

Aplysiops is bra ttstroeni i 
Aplysiopsis elegans 
Aplysiopsis enteroniorphae 
Aplysiopsis formosa 
Aplysiopsis maculosa * 
Aplysiopsis minor 
Aplysiopsis nigra 
Aplysiopsis orientalis 
A plysiopsis sin usmensalis 
Aplysiopsis smithi* 
Aplysiopsis toyamana 
Aplysiopsis zebra * 
Herniaea bifida 
Hermaea boucheti 
Hermaea carminis * 
Hermaea coirala 
Hermaea cruciata 
Hermaea evelinemarcusae 
Herniaea hillae 
Hennaea Iutescens* 
Hermaea minor * 

Hermaea noto 
Hermaea oliviae 
Hermaea paucicirra 
Hennaea polychroma* 
Hermaea vancouverensis 
Herniaea variopicta 
Hennaea venosa* 

Herniaea wrangeliae 
Hermaea zosterae 
Physopneunion carneum * 

Limapontiidae 

Alderella comosa 
Alderia harvardiensis * 
Alderia modesta 
Alderia scaldiana* 

Alderia uda 
Alderia willowi 


(Trinchcse, 1881) 
Thompson, 1977 
Bergh, 1871 
Thompson, 1988 
Ortea & Templado, 1988 
Pelscneer, 1892 
Hamatani, 1976 
Bergh, 1871 
(Pease, 1866) 

Valdes & Camacho, 2000) 
Bergh, 1888 

Ortea & Templado 1990 
Marcus & Marcus, 1970 
Marcus & Marcus, 1970 
Hamatani, 1994 
(Trinchese, 1895) 

(Kelaart, 1858) 

(Bum, 1957) 

(Pease, 1866) 

Pease, 1860 
(Bergh, 1871) 

(Bergh, 1871) 

(Deshayes, 1857) 

Jensen, 1993 
Hamatani, 1991 


(Marcus, 1959) 

(Deshayes, 1835) 

(Cockerell & Eliot, 1905) 

Pruvot-Fol, 1953 
(Trinchese, 1874) 

(Baba, 1959) 

(Baba, 1949) 

(Baba, 1949) 

(Macnae, 1954) 

(Marcus, 1961) 

(Baba, 1959) 

Clark, 1982 
(Montagu, 1816) 

Cervera, Garcia-Gomez & Ortea, 1991 

Fez, 1962 

Marcus, 1955 

Gould, 1870 

Jensen, 1993 

Marcus & Marcus, 1967 

A. Costa, 1866 

Bergh. 1888 

(Baba, 1959) 

(MacFarland, 1966) 

Pruvot-Fol, 1953 
(Hesse, 1873) 

O'Donoghue, 1924 
(A. Costa, 1869) 

Loven, 1845 
(Ichikawa, 1993) 

(Baba, 1959) 

A. Costa, 1862 


(Costa, 1867) 

Gould, 1870 
(Loven, 1844) 

Nyst, 1855 

Marcus, Ev. & Marcus, Er., 1956) 

Krug, Ellingson, Burton & Valdes, 2007 


Napoli, Italy 
Jamaica 
Palau? (Palaos) 

Greek Ionian Sea 
Cuba 

Napoli, Italy 
Amami Islands, Japan 
Palau? (Palaos) 

Pacific Islands 
Puntarcnas, Costa Rica 
Mauritius 
Cape Verde 

Puerto Rico (aquarium) 

Curacao 

Amami-Oshima Island, SW Japan 

Mediterranean 

Sri Lanka 

Qucenscliff, Victoria, Australia 

Pacific Islands 

Hawaii 

Luzon, Philippines 
Tor, Red Sea 
Guadeloupe 

Rottnest Island, SW Australia 
Palau 

Chile (23d39'S; 70d25'W) 

Banyuls, France Mediterr. 

San Pedro, Califomia(?) 

Temara, Marocco 
Genova, Italy 
Toyama Bay, Japan 
Sagaini Bay, Japan 
Saga mi Bay, Japan 
Table Bay, S Africa 
Tomales Bay, California 
Toyama Bay, Japan 
Florida 

Devonshire, UK 
Pontevedra, SW Spain 
Valencia, Spain 
NE of Santos, Brazil 
Massachusetts, USA 
Rottnest Island, SW Australia 
Sonora, W Mexico 
Napoli, Italy 
Mauritius 

?Noto Peninsula/?Toyama Bay Japan 
Monterey Bay, California 
Marocco 
Brest 

Vancouver lsl., Canada 
Napoli. Italy 
Bohuslan, Sweden 
Kuro lsl.. Ryukyu 
Amakusa, Japan 
Mediterranean 

Napoli, Italy 
Massachusetts, USA 
Bohuslan, Sweden 
Scheldt estuary, Netherlands 
SW of Santos, Brazil 
San Pedro, California 


280 

Kathe R. Jfnsf.n: Biogeography of Sacoglossa 


A Icieriopsis garfio 

Cabal ler, Ortea & Espinosa, 2006 

Cuba 

A Icier iopsis nigra 

(Baba, 1937) 

Amakusa, Japan 

Calliopaea bellula 

d'Orbigny, 1837 

France 

Co IIIopa ea oophaga 

Lemche, 1974 

Samso, Kattegat, DK 

Calliopaea soideyeti* 

Verany, 1853 

Nice, France Mediterr. 

Cenia cocks ii* 

Alder & Hancock, 1848 

Falmouth, UK 

Cenia corrngata* 

Alder & Hancock, 1848 

Falmouth, UK 

Chalidis coeruleus * 

de Quatrefages, 1844 

lie de Brehat, France 

Chalidis nigricans * 

Alder & Hancock, 1847 

Falmouth, UK 

Cos tasi el la form i caria 

(Baba, 1959) 

Amakusa, Japan 

Costasiella ilia 

(Marcus, 1965) 

Caroline Islands, Micronesica 

Cos tasi el la i riclop flora 

Ichikawa, 1993 

Kuro lsl., Ryukyu 

Costasiella knroshimae 

Ichikawa, 1993 

Kuro lsl., Ryukyu 

Cos tasi el la li liana e* 

(Marcus, Ev. & Marcus, Er., 1969 

NE of Santos, Brazil 

Costasiella mandnrahae 

Jensen, 1997 

Darwin Harbour, N Australia 

Costasiella nonatoi 

Marcus & Marcus, 1960 

NE of Santos, Brazil 

Costasiella ocelliJera 

(Simroth, 1895) 

Bermuda 

Cos tasi el la pallida 

Jensen, 1985 

Hong Kong 

Costasiella paweli 

Ichikawa, 1993 

Miyako lsl., Ryukyu 

Costasiella rnhrolineata 

Ichikawa, 1993 

Ishigaki lsl., Ryukyu 

Costasiella nsagi 

Ichikawa, 1993 

Ishigaki lsl., Ryukyu 

Costasiella vegae 

Ichikawa, 1993 

Ishigaki lsl., Ryukyu 

Costasiella vireseats 

Pruvot-Fol, 1951 

Banyuls, France Mediterr. 

Cnstipliorns vesicnlosns* 

Deshaycs, 1853 

7 

Embletonia mariae* 

Meyer & Mbbius, 1865 

Kieler Bucht 

Ercolania boodleae 

(Baba, 1938) 

Seto, Japan 

Ercolania coernlea 

Trinchcsc, 1892 

Napoli, Italy 

Ercolania costai* 

Pruvot-Fol, 1951 

?Banyuls/?Monaco, Mediterranean 

Ercolania a 7 cetac * 

(Marcus & Marcus, 1970) 

Curacao 

Ercolania evelinae 

(Marcus, 1959) 

Chile (53d22'S; 70d57'W) 

Ercolania einarginata * 

Jensen, 1985 

Hong Kong 

Ercolania endophytopliaga 

Jensen, 1999 

Rottnest Island, SW Australia 

Ercolania erbsns 

(Marcus & Marcus, 1970) 

Madagascar 

Ercolania felina 

(Hutton, 1882) 

New Zealand 

Ercolania funerea* 

(Costa, 1867) 

Napoli, Italy 

Ercolania fnscata 

(Gould, 1870) 

Massachusetts, USA 

Ercolania gopalai 

(Rao, 1937) 

Madras, E India 

Ercolania irregularis 

(Eliot, 1904) 

Zanzibar 

Ercolania lozanoi 

Ortea, 1981 

Tenerife, Canary Islands 

Ercolania margaritae 

Burn, 1974 

Point Lonsdale, Victoria, Australia 

Ercolania nigra 

(Lcmche, 1936) 

Nyborg Fjord, DK 

Ercolania nigrovittata* 

(A. Costa, 1866) 

Napoli, Italy 

Ercolania nigrovittata* 

(Rao & Rao, 1963) 

Gulf of Mannar, SE India 

Ercolania pancerii* 

Trinchcsc, 1872 

Genova, Italy 

Ercolania pica 

(Annandalc & Prashad, 1922) 

Chilka Lake, India 

Ercolania raonun 

(Marcus & Marcus, 1970) 

Gulf of Mannar, SE India 

Ercolania selva 

Ortea & Espinosa, 2001 

Manzanillo, Costa Rica (Carib) 

Ercolania siottii 

Trinchcsc, 1872 

Genova, Italy 

Ercolania snhviridis 

(Baba, 1959) 

Toyama Bay, Japan 

Ercolania talis* 

(Marcus & Marcus, 1956) 

SW of Santos, Brazil 

Ercolania tentacnlata 

(Eliot, 1917) 

Singgora, SE Thailand 

Ercolania translncens 

Jensen, 1993 

Rottnest Island, SW Australia 

Ercolania trinchesii* 

Pruvot-Fol, 1951 

?BanyuIs/?Monaco, Mediterranean 

Ercolania nziellii* 

Trinchcsc, 1872 

Genova, Italy 

Ercolania vanellns* 

Marcus, 1957 

E of Santos, Brazil 

Ercolania various 

(Eliot, 1904) 

Zanzibar 

Ercolania viridis 

(A. Costa, 1866) 

Napoli, Italy 

Ercolania zanzibarica 

Eliot, 1903 

E Zanzibar 

Limapontia capitata 

(M iillcr, 1773) 

Baltic Sea 

Liniapontia cornuta * 

Giard, 1873 

7 

Limapontia depressa 

Alder & Hancock, 1862 

Sunderland, UK 

Limapontia nigra* 

Johnston, 1836 

Berwick Bay, UK 

L itnapon tia senestra 

(dc Quatrefages, 1844) 

lie dc B rehat, France 

Limapontia zonata 1 

(Girard, 1852) 

Massachusetts, USA 

Ole a hausiueensis 

Agersborg, 1923 

Friday Harbor, Washington 
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Placida aoteana * 

(Powell, 1937) 

Auckland, NZ 

Placida babai* 

Marcus, Ev., 1982 

Seto, Japan 

Placida breviconiis 

(A. Costa, 1867) 

Napoli, Italy 

Placida capensis* 

Maenae, 1954 

Cape Provinee, S Afriea 

Placida cremoniana 

(Trinehese, 1892) 

Napoli, Italy 

Placida daguilarensis 

Jensen, 1990 

Hong Kong 

Placida dakariensis 

(Pruvot-Fol, 1953) 

Dakar, Senegal 

Placida dendritica 

(Alder & Hancock, 1843) 

Torbay, UK 

Placida fralila 

Burn, 1966 

Queensland, Australia 

Placida kingstoni 

Thompson, 1977 

Jamaiea 

Placida oniata* 

(MaeFarland, 1966) 

Monterey Bay, California 

Placida saronica 

(Thompson, 1988) 

Greek Aegean Sea 

Placida tardyi 

(Trinehese, 1873) 

Genova, Italy 

Placida verticillata 

Ortea, 1981 

Tenerife, Canary Islands 

Placida viridis 

(Trinehese, 1873) 

Genova, Italy 

Stiliger akkeshiensis 

Baba, 1935 

Akkeshi Bay, Hokkaido, Japan 

Stiliger aureomarginatus 

Jensen, 1993 

Rottnest Island, SW Australia 

Stiliger berghi 

Baba, 1937 

Tomioka, Amakusa, Japan 

Sti ligerfusco t i ttatus 

Lanee, 1962 

San Diego, California 

Stiliger llerai 

Ortea, 1981 

Tenerife, Canary Islands 

Stiliger piisillus 

Baba, 1959 

Osaka Bay, Japan 

Stiliger smaragdinus 

Baba, 1949 

Saga mi Bay, Japan 

Stiliger or natus 

Ehrenberg, 1828 

Red Sea 

Stiliger vossi 

Marcus & Marcus, 1960 

Upper Florida Keys 

Stiliger? viridis 1 

(Kelaart, 1858) 

Sri Lanka 


^his species is probably a flatworm rather than a sacoglossan. 

2 The taxonomic status of this species is so uncertain that it has been omitted from the analyses. 
3 This species has been omitted from the analyses due to lack of information. 

4 Since the type locality is uncertain, this species has been omitted from the analyses. 







